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Compton Scattering

w Ew{’fz { “I 1
P, Byi=24eV 9u300MeV| |

Differential cross section: . -
] Compton kinematics:
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Polarised electrons:
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Measuring Principle
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photon spatial distribution

o
I 8
3 o 8

wo,z

silicon strip detector and

pair conversion required:
rather complicated

/ Integral up-down \

counting rate asymmetry

at least 2 crystal detectors and

no conversion required:
rather simple




Design Criteria

Basic Parameters:

* crossing angle: o~ 3mrad
e electron beam width: o~ lmm
» Interaction region: | =~ 0.7m

Background due to Beam-Gas Radiation:
» straight section should be considerably short!

quadrupole

59m




Numerical Simulations

1. ldeal beams (o,=0,=0) and Infinite detector (simple):

— Integral asymmetry:
\/N N, — \/N N joﬁd¢*joﬂsin8*d9*-222
A - INING NN [[dg' [ singdg -2,
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— shift of center of spatial distribution:
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(with 2(5,¢7) = (1-peosd ) cosg ) 1-dim integration: @




Numerical Simulations

2. ldeal beams (o,=0,=0) and finite detector (moderate):

— Integral asymmetry:

J~Xdet/2 dXIZdet/z dz .6(19*’(0*).222 (19*(X, Z),(D*(X, Z))
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— shift of center of spatial distribution:
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Numerical Simulations

3. Real beams (o ,0, , o, ,0,, #0) and finite detector (!!!):

a) 2-D intensity profile of backscattered photons:

N (X4, 24) jds;[ dz j dxj dz’ _[ dx a(x z) pe(s,x,z,x’,z')-py(s,x,z)-%
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5-dim integration:




Numerical Simulations

3. Real beams (o ,0, , o, ,0,, #0) and finite detector (!!!):

b) Asymmetry and shift from mean values:

. integral asymmetry:

' Vz;20
No™ = Z N 06.2)) JNING NN
Vi <O int +
N o ZZ |\'|+’—(xi,zj) - INGNG NN
i,j )

. shift of center of spatial distribution:

Zz N*(x,2z;) - Zz N~(x.z;) (5-dim integration for each point?
* detector size = 4.0 x 3.84 cm?

* detector pitch = 100um

#15744 5-dim integrations: @ \; in total 41 x 384 points
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Counting Rate Asymmetry
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Numerical Simulations

4. Palr conversion (e*/e):

conversion efficiency /7 %
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Analysing Power
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Beam Parameters
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Beam Parameters FCC
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Shift of Spatial Distribution
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Required Pitch

Strip detector with pitch p:

o spatial resolution:

P
J12

 achievable position error:
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Counting Microstrip Detector
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Preamp Shaper Comparator Polarity Mono-  Current
Switch Flop Output
detector amplifier, shaper, discriminator counter

Developed in close collaboration with ATLAS pixel-detector group of N. Wermes, Pl Bonn



ton Polarimeter @E
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Detector Design

block diagram of the front-end chip

conversion
two decay length lead

readout latch : DA
Il St |
D +
13-bit asynchronous
binary counter comparator

preamplifier and . .
CR-RC shaper microstrip detector

L

FPGA
(Field Programmable
Gate Array)

<«——| USB
— > | Adapter

silicon microstrip detector (BABAR 1)
o 768 strips with 50 um pitch  (42.4 x 41.3 mm?)
e resolution 14 um

front-end chip

ek -+ high rate acceptance (10 - 150 MHz)

, * digital part built in LVDS technology

* FPGA controlled



Detector Performance
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Detector Performance
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Summary and Qutlook

Precise Compton Polarimetry:

e Compton backscattering of ~515 nm photons

o circularly polarized photons < transverse polarized e-beam
e measurement of shift of photon intensity distribution
 counting silicon microstrip detector with p =50 um

Achievable precision:

 ELSA (3.5 GeV, distance 15 m): AP = 1%

o FCC-ee (< 90 GeV, distance 500 m): AP < 0.1%
e FCC-ee (175 GeV, distance 500 m): AP = 0.2%
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